21% were on anticoagulation treatment. The majority of the patients (75%) had their most recent previous stroke 1 12 months before admission. Conclusions: Few patients had a recurrent stroke shortly after the previous stroke in this study. This indicates that it is meaningful to prevent a second event with an adequate long-term treatment strategy for secondary prevention after first-ever stroke. There also seems to be a clear potential for improving secondary prevention after stroke.
Introduction
Stroke is one of the most costly diseases in the community both from a humanitarian and economic point of view [1] . To prevent recurrent stroke events, the standard strategy today aims at reducing the risk factors involved in atherosclerosis, heart disease and metabolic disorders. This includes blood pressure treatment, lipid-lowering agents and platelet inhibitors. A better understanding of the relative importance of the risk factors could lead to a better secondary prevention and thus limit the future stroke burden in the increasingly elderly population. Several studies have determined the incidence and outcome of ischemic stroke patients with respect to different TOAST subtypes. In a first-ever stroke population, the age-standardized incidence rates for a European population (per 100,000/year) regarding TOAST subtypes was 30.2 for cardioembolism, 25.8 for small artery occlusion and 15.3 for large artery atherosclerosis [2] . Two years after onset, the age-adjusted patient population in the small artery occlusion subgroup was 3 times more likely to be alive than those with cardioembolism, and ischemic stroke subtype according to TOAST was also a significant predictor of long-term survival.
Despite all efforts to reduce the risk of future stroke, approximately 25% of the patients in a stroke unit are individuals with a recurrent event [3] . The risk for a recurrent stroke has been reported to be about 4% in the first month and about 12% in the first year after stroke onset with the first period after the event being the most vulnerable [4] . Recurrent stroke events during the 1st year are in a majority of the cases attributable to atherosclerosis of the large arteries [5] . During the following years, cardiovascular risk factors and concomitant diseases such as diabetes mellitus, atrial fibrillation, hypertension and hypercholesterolemia seem to be the most important risk factors [6] [7] [8] . After the 1st year, the annual frequency of recurrent stroke has been reported to be 4-5% [9] .
Guidelines have been published to describe how to prevent recurrent stroke [10, 11] , but, compared with data on risk factor handling after the initial stroke, information on risk factors for recurrent stroke is limited. The reported time to stroke recurrence also seems to vary between different studies. In that perspective, the Recurrent Stroke Quality and Epidemiology (RESQUE) study was planned to give additional understanding of the recurrent stroke population.
Patients and Methods

Patients
Patients included had to be 18 years or older. A written informed consent had to be signed by the patient, a relative or a health representative other than the investigator. The study included consecutive patients with recurrent ischemic or hemorrhagic stroke admitted to a dedicated stroke unit in eight University hospitals and 15 other hospitals. The patients had a history of ischemic, hemorrhagic or undetermined stroke before the qualifying recurrent stroke. No time limit since the previous stroke was set. The decision that a repeated event had occurred was at the discretion of the investigator, and the patients were handled and treated according to routine practice. Patients with subarachnoidal bleeding were excluded from the study. The study was approved by the ethical committee at the Karolinska Institute in Stockholm.
Methods
The primary objective of RESQUE was to investigate established vascular risk factors and their association with the type of recurrent ischemic stroke, classified according to TOAST subtypes [12] , in a large representative population of patients with recurrent stroke admitted to a stroke unit. Information about previous and current risk factors (definitions given in table 1 ) was collected from the clinical examination, patient history and routine laboratory tests. Ongoing medical treatment at the onset of recurrent stroke was registered and patients with recurrent hem- 256 orrhagic stroke were also assessed. Time since last previous stroke was grouped into: within 1 month, 1-3 months, 4-12 months and more than 12 months. The proportion of patients evaluated with CT/MRT was used as a quality marker.
Statistical Methods
Standard descriptive statistics were used to describe the variables collected, and summary measures, e.g. means and/or medians, standard deviations, minimum and maximum and percentiles, were calculated. Categorical variables were summarized as counts and percentages.
Associations between the TOAST subtypes and known dichotomous risk factors were evaluated with 2 tests. The nonparametric alternative, Fisher's exact test, was used for sparse crosstables with expected counts below 5 in one or more of the cells.
All tests were two sided and the significance level was set to 5%. The p values presented have not been adjusted for multiple testing. The statistical package Stata 9.0 (StataCorp, College Station, Tex., USA) was used for the statistical analysis.
Results
Between November 21, 2004, and July 11, 2006, 889 patients with recurrent stroke (mean age 77, range 40-98 years, 504 males) were included in the study. Among these, 805 (91%) had ischemic stroke, 78 (9%) had intracerebral hemorrhage and 6 ( ! 1%) undetermined cause of the stroke. CT examination was performed in 99.6% of the patients, MRT in 6%, carotid artery duplex in 34% and echocardiography in 14%. Of the 889 included patients, 56 (6%) died during their stay at the stroke unit.
The most frequent risk factor ( table 2 ) was hypertension (75%) followed by hyperlipidemia (56%). Among the 889 patients, 37% had ischemic heart disease, 29% atrial fibrillation and 24% diabetes mellitus. Thirteen percent were current smokers and 11% were classified as obese. Overall, patients in the ischemic group had more risk factors compared to the hemorrhagic group, with 51% of the patients in the ischemic group having three or more risk factors compared to 33% in the hemorrhagic group (OR = 2.10, 95% CI: 1.28-3.44, p = 0.003).
The proportions of patients with some major risk factors in relation to stroke type/subtype are shown in table 3 . In the ischemic group, there were significantly more patients with atrial fibrillation and hyperlipidemia than in the hemorrhagic group (OR = 1.88, 95% CI: 1.03-3.42, p = 0.04, and OR = 1.78, 95% CI: 1.03-3.10, p = 0.04, respectively). Divided into TOAST subtypes, the cardiac emboli group was older than the rest of the ischemic stroke group (median age 82 vs. 78 years, p = 0.001). There were no statistically significant differences between hemorrhagic and ischemic stroke patients, or within the dif-ferent TOAST subtypes in the ischemic group, regarding occurrence of hypertension, diabetes or proportion of smokers.
Recurrent Stroke Caused by Ischemic Stroke
According to the TOAST subtypes of the ischemic stroke group, 'small vessel disease' (n = 275; 34%) was the most common, followed by 'large artery disease' (n = 213; 26%), 'cardiac emboli' (n = 180; 22%), 'undetermined' (119; 15%) and 'other' (18; 2%). No differences were observed in TOAST subtypes in relation to time since previous stroke. The majority of the patients (75%) had their previous stroke 1 12 months before the admission, whereas 1% had their previous stroke ! 1 month, 5% between 1-3 months and 19% 4-12 months before the recurrent event.
The ongoing treatment at the recurrent stroke onset is described in table 4 . In the ischemic stroke population, the majority of the patients had antiplatelet treatment (79%) when arriving at the hospital. Seventy-two percent were treated with an antihypertensive medication, 40% with a lipid-lowering agent and 11% with anticoagulation. When ongoing treatment at onset was studied regarding different TOAST subtypes, antiplatelet, antico- * p = 0.04 vs. hemorrhagic stroke; ** p = 0.04 vs. hemorrhagic stroke; + p < 0.001 vs. large vessel, small vessel, other and undetermined; ++ p < 0.001 vs. large vessel, small vessel, other and undetermined.
Figures in parentheses indicate percentages. * p = 0.001 vs. nonembolic (large vessel, small vessel, other and undetermined); ** p = 0.001 vs. nonembolic (large vessel, small vessel, other and undetermined); + p = 0.004 vs. nonembolic (large vessel, small vessel, other and undetermined); ++ p = 0.044 vs. nonembolic (large vessel, small vessel, other and undetermined). agulation, hypertensive and lipid-lowering medications were equal between the TOAST subtype groups, except for the cardiac embolism group. As expected in this group, significantly more patients received anticoagulation treatment compared to the other subtype groups (21% vs. 8%, OR = 2.89, 95% CI: 1.83-4.55, p ! 0.001). They were also more often treated with antihypertensive medication but less often with antiplatelet and lipid-lowering agents ( table 4 ) .
Among the hypertensive patients, 90% were receiving antihypertensive treatment at the onset of recurrent stroke and 76% of the patients with hyperlipidemia were receiving lipid-lowering agents. Antiplatelet treatment was equally used in the different risk groups, except for atrial fibrillation patients who to a greater extent were treated with anticoagulation treatment ( table 5 ).
Recurrent Stroke Caused by Intracerebral Hemorrhage
Among the 78 patients with recurrent hemorrhagic stroke, 40% had a history of previous intracerebral hemorrhage compared to 8% in patients with recurrent ischemic stroke. Fifty-five percent had ongoing antiplatelet treatment, 14% anticoagulation, 72% antihypertensive and 26% lipid-lowering medication. The median time since the previous stroke was shorter among patients with recurrent stroke caused by hemorrhage than among patients with recurrent stroke caused by cerebral infarction (82 and 119 months, respectively), but the difference was not significant (p = 0.07).
Discussion
Recurrent stroke is common, but the reasons why patients develop repeated strokes are not fully understood.
The results in the present study infer that the patients with recurrent stroke represent a population with high risk of vascular disease and have a potential for improved secondary prophylactic treatment. Half of the patients (50%) had three or more vascular risk factors in addition to the qualifying recurrent stroke even though patients with hemorrhagic stroke seemed to have less concomitant numbers of risk factors.
RESQUE included a total of 889 patients with recurrent stroke of whom 805 had ischemic stroke. The most frequent vascular risk factors were hypertension and hyperlipidemia. Only 21% of the patients in the ischemic group with cardiac embolism were on anticoagulation treatment and the majority of the patients (75%) had their most recent previous stroke 1 12 months before admission. Our intention was to describe a pure recurrent stroke population. The clinics that were chosen to participate have dedicated stroke units, and the stroke knowledge among the participating investigators is perceived to have been good. The multi-center approach with clinics scattered all over Sweden, including stroke units in both smaller hospitals and university clinics, intended to represent the view on stroke management for the entire country. The study aimed to consecutively include patients with recurrent stroke. However, with regard to the inclusion rate in relation to the expected yearly stroke incidence, this does not seem to have been the case in all participating clinics. In addition, the previous stroke was retrospectively assessed which could be a potential limitation in the description of the type of and time since that stroke.
Secondary prevention after stroke usually involves antiplatelet treatment, and 79% of the patients in the ischemic group were on some kind of antiplatelet agent. It has long been known that hypertension is one of the main risk factors for stroke, and 90% of the hypertensive patients in this study were receiving antihypertensive treatment. This is a high proportion, suggesting that antihypertensive treatment is instigated in patients with stroke and it has been reported that the risk for 1st-year stroke recurrence could be reduced by 50% with proper hypertension control [13] . However, the present study cannot show whether adequate target levels for blood pressure had been achieved. As for hyperlipidemia, in total 39% of all patients in the study, corresponding to 76% of the patients with hyperlipidemia, were treated with a lipid-lowering agent when admitted to the stroke unit. Recent publications on lipid-lowering advocate a better focus on cholesterol levels [14, 15] . Even if the stroke population in this study was older than in the referred studies, there is a need for better secondary prevention treatment in this high-risk recurrent stroke group.
In the ischemic stroke group, it was found that the TOAST subtypes did not differ in terms of major risk factors, with the exception of the expected higher proportion of patients with atrial fibrillation on anticoagulation in the cardiac embolism group.
Only 21% of the patients with cardiac embolism were on anticoagulation treatment, a group that has been shown to have a higher mortality than, e.g., the small artery occlusive group [16] . Both US and European guidelines promote anticoagulation treatment in patients with atrial fibrillation and in RESQUE 29% in the ischemic stroke group had atrial fibrillation. Even if anticoagula-tion treatment increases the risk for bleeding, the more severe intracranial hemorrhages seem to be few in patients receiving anticoagulation treatment after nondisabling stroke [17] . It has been concluded that age increases the risk of bleeding in patients on anticoagulation treatment but higher age also increases the risk of stroke [18] . Some stroke patients may have comorbid diseases such as epilepsy, severe dementia or gastrointestinal bleedings where anticoagulation would be of risk, but it is not believed that this could explain the observed low adherence to current guidelines. Interestingly, there were also 7-17% treated with anticoagulation in the other TOAST subtype groups. In the group with recurrent stroke due to hemorrhage, 14% were treated with anticoagulation and 10% of those anticoagulation-treated patients had a history of a previous intracerebral hemorrhage.
The distribution in TOAST subtypes among the recurrent ischemic stroke patients in this study seems to differ from previously presented results on patients with first-ever stroke. In RESQUE, both large artery disease and small vessel disease were more common (26 vs. 13% and 34 vs. 23%) than in the first-ever stroke population presented by Kolominsky-Rabas et al. [2] . The undetermined group was substantially smaller (15 vs. 35%) as was also the cardiac emboli group (22 vs. 27%). Thus, it seems that the investigators in our study less often classified the patients as undetermined which has also been reported in other studies [19] .
Few patients had a recurrent stroke shortly after the previous stroke in this study and the mortality was unexpectedly low. This could be due to inclusion bias; it is possible that some patients with early recurrent stroke or patients that did not survive the first days were excluded from inclusion. Since all participating centers were dedicated stroke units, it seems unlikely that this would have occurred frequently. According to previous studies, the risk for recurrent stroke is greatest during the first weeks or months after the initial event even if there could be a trend towards a smaller cumulative risk of recurrence over years [4, 20, 21] . However, even if the risk for early recurrence is relatively greater, the cumulative cardiovascular risk over time in stroke survivors may in fact be close to the numbers shown in this study, i.e. increasing after 1 12 months, mainly due to increased risk of other cardiovascular events [22] . This emphasizes the importance of long-term strategies for secondary prevention. Reasonable numbers needed to treat calculations for secondary prevention in stroke are based on the assumption that patients survive after their first stroke for several years. It has been a matter of concern whether this is true in a typically aged population. The present study indicates that recurrent stroke often occurs after a substantial period of time. This emphasizes the need for careful evaluation of this aged recurrent group with the aim to adhere to the hypertension and lipid levels advocated in current guidelines.
We used CT/MRT as a marker of diagnosis quality in this study and almost all of the included patients (99.7%) were examined with a CT scan. This shows that substantial efforts were put into a correct diagnosis of this group of patients and this also acts as a basis for correct antiplatelet or anticoagulation treatment.
This study contributes with a characterization of stroke subtypes, risk factors and secondary prevention in patients with repeated stroke episodes. The results suggest that secondary prevention needs to be further improved in this high-risk group of patients before the recurrent stroke onset. Further studies are needed to obtain a better understanding of the differences between recurrent stroke and first-ever stroke populations, and the possibilities to prevent or delay a further vascular event.
